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1.0 INTRODUCTION

Over the last 17 years many uses of TMA (trimethy]

aluminum) trails in the upper atmosphere have been made by

various experimenters (Blamont et al, 1961; Armstrong, 1963;

Rosenberg et al, 19F4). In addition to measuring wiDs dnd

diffusion rates, (Authier et al, 196?, 1963, 19614; Authier,

1964; Harang, 1964; Golomb et al, 1967, 1972; Fees et a

1974) have also measured tempeature by studying the temera-

ture dependent vibrational-rotational intensity distribuLion

of the blue-green system of AlO (B2r+ - X2Z+) generated when

TMA is exposed to sunlight in the presence of atomic oxygen

(see Figure 1).

Recent experiments under the direction of AFGL

(Aladdin, Aeolus, etc.) have centered around rocket released

puffs of TMA on the downleg of a rocket trajectory from 180 km
down to 120 km with approximately 10 km spacing (see Figure 2).

A program involving one rocket payload for winds and

temperature studies was conducted at White Sands Missile Range

on 24 September, 1977. In this case the rocket made only one

release at approximately 160 km altitude at 5:00 A.M. local

time during morning twilight (80 solar depression). The ex-

perimental procedure consisted of observing the top and bcttcm

of the cloud for 30 to 40 second periods. In general, ade-

quate signal to noise ratio is maintained until 1 or 20 solar

depression although, after this length of time (approximately

20 minutes) from an initial release at say 80 solar depression,

only at the lowest altitudes 120-130 km are there "sharp"

enough features to permit altitude discrimination in the spec-

trometer's line of sight and accurate photographic triangula-

tion of altitude. In this program, only 12 minutes of data

was taken with the above 2imitation being reached more quickly

at the higher altitudes available in this particular

experiment.
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2.0 INSTRUMENTATION AND PROCEDURE

The heart of field instrumentation is a 1/2 meter

Fastie-Ebert scanning spectrometer. The input optics is a

50 cm focal length F/5.0 lens which "images" the input slit

upon the sky as a horizontal slit 70 wide by .060 high. The

spectrometer is co-mounted on a tripod adjustable in eleva-

tion and azimuth along with a secondary electron conduction

(SEC) vidicon low light level television camera (and a 35 mmt

photographic camera as backup) for both boresight recording

and real-time aiming of the spectrometer. The grating of the

spectrometer is tilted to scan in wavelength by a synchronous

motor through an adjustable cam mechanism at a rate of one

scan every five seconds. Photoelectron pulses from the photo-

multiplier are processed with standard "nuclear" counting

electronics and recorded on a high speed (60 ips) magnetic

tape recorder. Also recorded are a sample of the 60 Hz wave-

orm driving the synchronous motor scanning the spectrometer

and audio comments of the person aiming the spectrometer. A

block diagram of the Field Instrumentation is shown in Figure 3.

The boresight TV camera is recorded on a video tape

recorder along with time from a digital clock superimposed on

one corner of the video frame. Also recorded on the video

tape recorder's audio channel is the commentary of the "aimer"

describing what he is pointing the instrument at as well as

when he is moving it or holding steady on some feature (see

Figure 4).

The aimer makes use of a TV monitor for aiming in

addition to various direct sights mounted on the tripod. He

also has view of a chart recorder displaying the spectrum be-

ing recorded in order to ascertain the quality (amplitude)

of the spectra from a particular feature.

4
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CROSS HAIRS

rigure 4I. Boresight TV Monitor (T'ypical)
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After the experiment certain calibrations are re-

corded. An iron-neon hollow cathode lamp is scanned to es-

tablish the wavelength calibration of the spectrometer and the

shape of the spectrometer's slit function. A light box (LDr

96) with a radiance calibration traceable to an NBS quartz-

iodine irradiance standard is scanned to establish the varia-

tion of the spectrophotometer's sensitivity with wavelength.

Records of the photomultiplier output, with the spectrometer

scan stopped, versus the step number of the calibrated aper-

tures in the lightbox are used to establish the amplitude

linearity of the counting-recording system. In a photon count-

ing scheme such as this, counts are lost at higher counting

rates due to "dead-time". Prior to the experiment boresight

calibrations using a several kilometer distant light sourlce

are made to align all the sights as well as markers on the

boresight TV monitor and fiduciaries on the photographic

camera with the very narrow (vertically) field of view of the

spectrometer. Later, during data reduction, playback of the

TV recording of this boresight calibration will again allow

us to place markers on the TV monitor used for playback.

7



3.0 DATA REDUCTION

Data reduction was carried out in the following

steps. A block diagram of data reduction is shown in Figure 5.

1. Digitize Data - The tapes brought back from the field

are "replayed" and the photon counts are totaled every

1/60th of a second using as a clock the recorded 60 Hz

waveform originally driving the synchronous motor on the

grating drive. The totalized counts are recorded on a

digital tape recorder whose operation as well as the

counting and interface to the analog "playback" tape

recorder is handled by a microprocessor based system.

The following programs are used on the AFGL CDC 6600 computer:

2. Program CONVERS - The "stranger" type digital tape

created above is converted to a SCOPE format file by

CONVERS.

3. Program ALO TAPE DUMP - Prints all of the data on the

high speed printer in an easy to examine format together

with a running index to keep track of position along the

tape (see Table 1).

4. Program LB AVG takes sections of data, that have been

identified by examining the dump above as observations

of the lightbox at various aperture steps, and computes

the average count corresponding to the lightbox steps 0,

1, 2, 4, 8, 16 ....... , 1024 (see Table 2).

5. Program LBTAU takes the averages computed above (k')

plus the measured "hole factors" for each attenautor

step on the light box (k) and adjusts the parameters

a, 8, T in the expression below for best fit to properly

weighted values of k and k'.

8
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TABLE 2.

LIGHT BOX AVERAGE (LBAVG) OUTPUT

WORD WORD COUNT APERTURE STEP
FiL 1 9 1?i7 f K I Af,-r q1. 1024

- - - -- !,:, . ,- ; -512
FTL" I S nT T l'4 c Nn '.' rl .* . 256
FTL I ;TAT Ir .4cC 1 . : V. : 128
FTL - I S7 -"r 1 qlt , £ J . -' - .- N. 4614

T L Z 1 c I A-' T I -6 m r, f ~ -32
FIL 1 ST P "':T 17441" F Jr- * .? 7r , 16

FTL- I F- A" , q- 7*Nn I ()qY4 rr *Nf?. 1.2 4
FIV L F IT 10511 rANr 31. . tL ar. 2
FIL7 1 22 n *7c r N) ?177- A -I 1
FTLF I -STl A-T 2 ,*aj. =Nr , "IrF4 I1V-: : . - 0
FIL: t 47 T 2 t7 4 , En A-' k- r kr" I c 1024

T-t -- - - .A 2 -- 4 31 ar.- A.z4-.A-F - .- 512
F L I ¢-,' ?7 1jl - N 'A it r r, ", ? 256

FTL c s- 'r ':; "31" 3 rNm r;II I ,*-. 64
FTL- 1 T " T 2r' V'n "Nr, -0r, A--  

A>:  
* , 32

FIt r.  I c . T 2c3Z1, rNn -7 A ' ° r 1-•"i 1024

F- [ 1 - -- , . - .a 4 ' . 1 - :T .... 1- . - 25 (

F[L-.' 1 11 w.;T A.i ' 128"'i ,..
FTL: I n . N " ' T ,r) IA t..., 18
FlLr I S T 7. ?p ?fl -I l n, , AI-7 .r. 32

f -1 - - A-7t 4-4j - - M-r. 121 4aUO- A . -. "
F~L 1 O. AT Jjfy 7-f.c, A i? -

FTL! 4. 7 1 3 35 7 ' -1j 44 7 11 1 11
Fh T Lt I S7~J T 4r A &;!:,+.) A r - *0
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where k' = measured counts

k = output of .ightboy

T 7dead time

a constant of proportionality since the hole

factors for th-c aperture steps of the light-

box ai'e in arbitrary units, not counts

= an additive constant representing the dark

current of the photomultiplier.

From this point forward in the data reduction the

data can be corrected to remove the non-linearity introduced

by the dead time inherent in the counting by -he expression

k'-B

where k" is the corrected counts (see Figure 6).

6. Program KITQPL makes plots or, the CRT plotter of the raw

data once the starting points of the scans are established

from examining the dump of data in ALO TAPE DUMP. These
"quick plots" can be visually correlated with the video

tape boresight record by comparing the relative amplitude

of the quick plot with the apparent brightness of the

AI0 image in the field of view. Once this timing has

been estab!lshfd, a table is created of sequential scan

numbers on the data tape versus the identification nu i-

bers on the video boresight record (see Figure 7).

7. Program KITSTPL makes strip plots nn computer printout

of the data tapes. Groups of sequential scans of the same

feature in the TMA release -.ire summed. 3ummed scans of
the lightbox are plotted this. wYy to estiblish the varJa-

tion of sensitivity wiLh wav.,ength of tie instrument

using the known calibration curves of ti-c liLhtbcx

(traceable to NBS). Thi. slight variation of sensitivity

12
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(-5% over 100 A) is used later to correct the data in

MATCH (see Figure 8).

Scans of the iron hollow cathode lamp lines establish

the wavelength calibration of the spectrometer system

as well as the actual shape of the slit function.

8. Program KITSLIT takes the summed scans across selected

lines and fits a triangular slit function to them, adjust-

ing an arbitrary multiplicative constant, a background

pedestal, the horizontal position and the width. Then

scans of different lines can all be normalized and plotted

on computer printout as shown in Figure 9. An accurate

slit function can be deduced from this composite by hand

drawing smoothed sections at the top and bottom of the

straight line of the triangular function (physically, the

sharp corners of the geometric optically correct trianru-

lar slit function are rounded off by diffraction).

9. Program SYN calculates a synthetic AlO spectra. The

technique is similar to Harang (1966). The molecular

parameters of Tyte and Nicholls (1964) are used to cal-

culate the position of the rotational-vibrational lines.

Populations of various rotational and vibrational levels

are derived from the Boltzmann distribution law assuming

thermal equilibrium with the ambient air which would ap-

pear to be a valid assumption up to approximately 170 km

where the collision rate is 10/sec; the f-value of the

A1O electronic transition is generally assumed to be 0.1

to 1.0 (Harang, 1966) implying that each molecule has 1 to

10 seconds or 10 to 100 collisions to attain thermal

equilibrium between excitations. The solar excitaticn

used is taken from the Utrecht Atlas (Minnaert et al,

1940). The hand strength with Franck Condon factors is

used to calculate absorption for various vibrational

levels.

15
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Assuming dynamic equilibrium between vibrational levels

and between rotational levels relative intensities can

be assigned to each rotational line in the bands of a

sequence.

The intensities of the first 75 rotational lines of each

branch (P and R branches) in the first three bands of the

AV = 0 sequence are then convolved with the experimentally

measured slit function derived in KITSLIT. This convolu-
0

tion is then tabulated every 1/4 A and every 50 degrees

from .500K to 1050 0 K and stored as a permanent file.

Plots of synthetic spectra are shown in Appendix B.

10. Program MATCH is the heart of the data reduction scheme.

Inputs to MATCH are synthetic spectra from SYN already

convolved with the slit function at 19 temperatures and

the digitized spectrometer output. Groups of scans are

summed or lumped as determined by the examination of

quick plots from KITQPL and the study of the boresight

records. The spectrometer output is then corrected for

amplitude non-linearity or dead-time with subroutine

FKAY using constants supplied by program KITAU. Correction

is then made for variation of sensitivity with respect to

wavelength using a linear approximation derived from the

calibration scans of the' lightbox.

The data points in the lumped measured :;cans are then

compared to each of the 19 synthetic spectra. Iterative

adjustments are made to the exact horizontal (wavelength)

position of the measured scan, a multiplicative factor

which scales the synthetic spectra to the measured scan,

and an additive constant which is added under the syn-

thetic spectra as a pedestal. The iterative adjustments

of the three variables described above and shown graphi-

cally in Figure 10 are made using as a criterion for best

fit of the measured points to the synthetic curve the

likelihood that the measured points result from a curve

18
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same as the synthetic but made noisy according to Poisson

statistics. The likelihood function is the product of

the probabilities at each point in the measured scan

that the point results from Poisson distributed errors

about a point at the same wavelength in the synthetic

spectrum. Incidentally, this type of maximum likelihood

function procedure simplifies to become a least square

fit when the errors in the measurement are Gaussian. It

has been determined that in this application, involving

counting randomly arriving photons which is properly

described by Poisson statistics, with a fairly low number

of counts at each point in the measured spectrum, con-

sidering that Gaussian statistics become a poorer approxi-

mation to Poisson statistics at smaller counts with a

consistent bias from the skewed nature of the Poisson dis-

tribution and that the temperature deduced by this tech-

nique varies monotonically with the slope of the data

points, use of least squares fitting rather than the maxi-

mum likelihood technique based on Poisson statistics re-

sults in a systematic error of as much as 15 degrees.

The temperature of the synthetic spectrum producing the

maximum likelihood function as well as the next higher

and next lower temperature and the three corresponding

values of the likelihood function are uEed to generate a

parabolic curve for a parabolic interpoJation (see Figure

11). The peak of this parabola is used as the interpo-

lated temperature of best fit. More details are supplied

in Appendix A.

In Appendix B plots of the fourteen "lumped" or summed

scans of measured spectra are shown along with five syn-

thetic spectra closest in temperature to each of the

measured spectra. The measured spectra are corrected

for dead-time amplitude non-linearity and the variation

of instrumental sensitivity with respect to wavelength.

20
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The measured spectra as well as the five synthetic

spectra are normalized to peak at 100 on the two decade

I to 100 scale. The synthetic spectra are shown "sit-

ting on top of" a pedestal C./k. where C. and k. are the

constants derived by the fitting procedure for best

match of the particular synthetic spectrum to the mea-

00
sured spectrum. Even though cnly the region from 4824 A

to 4886 A is used in the fitting procedure, more of the
measured spectrum including part of the spectrometer re-

turn sweep is shown on the plot.
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4.0 RESULTS

The results of the September 1977 White Sands temper-

ature measurements are summarized in Table 3. Since there was

only one puff or cloud, the data was taken from points near

the top and near the bottom of the cloud rather than from the

center of each in a series of small puffs as would usually be

done in this sort of experiment. An average temperature for

the observations of the top of the cloud weighted by 1/02 is

622 0 K with an overall a of 220 K. Disregarding the three weak

measurements where there may have been instrumental problems,

the average is 628 0K with a a of 160 K. An average temperature

for the observations of the bottom of the cloud with or with-

out the two weak measurements was 578 0 K with an overall a of

140 K.

Some of the scatter of individual measurements,

particularly at the bottom of the cloud, is a result of having

in the line of sight to the bottom, the more rapidly diffusing

upper part of the cloud. In general, only the earliest mea-

surements of A1O at altitudes as high as these are accurate

for reasons of altitude spread along the line of sight through

the cloud.

Better altitude resolution could have been had if

the elevation angle of the line of sight were to have been

lower; however, in the case of the White Sands site the logistic

requirements precluded moving the observation site back 100-

200 km as would have been preferred. Also the accident of

having a very large release over perhaps 7-10 km rather than

the smaller "point" releases did not aid the altitude preci-

sion either.

23



WSMR A1O TEMPERATURE

24 September 1977

File No. 2 AMUL = 0.3010 Calculations 19 June 78

Scan Temp.
Description No. Sum Peak Max. Amp. Time [0K] a

TOP 1 8 7 210.5 117 11:59:38 650 6

BOT 1 16 8 207.4 63 12:00:21 571 8

BOT 2 24 8 204.2 80 12:01:01 574 7

BOT 3 32 8 201.5 101 12:01:41 601 7

TOP 2 49 5 194.9 210 12:02:58 621 6

BOT 4 54 3 193.8 130 12:03:18 606 11

BOT 5 58 9 191.5 13 Weak 12:03:53 600 20

TOP 3 68 8 186.1 23 Weak 12:04:41 574 16

TOP 4 76 9 183.5 23 Weak 12:05:23 594 13

TOP 5 86 5 179.7 23 Weak 12:06:03 575 18

BOT 6 93 6 177.9 11 Weak 12:06:41 572 29

BOT 7 100 8 175.0 91 12:07:21 569 6

BOT 8 122 11 166.2 78 12:09:18 570 5

TOP 6 136 7 160.0 118 12:10:18 614 6

TABLE 3
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APPENDIX A

The general likelihood function where the error

distributions at each point are independent is

n
L. H i PAi (yi) (1)

where Yi = table of values representing measurements at

successive points in the measured spectrum.

P Ai(yi) = the probability that a point in the spectrum

having a long term average X.. would be mea-
1)

sured as yi in a single measurement.

A. = k. z. + C. (2)

where z.. table of values of synthetic spectra at wavelengths1)

corresponding to yi at the same i index and tem-

perature j.

k. an arbitrary multiplicative factor used to scale
j

the synthetic spectrum to the measured spectrum

and will be optimized to obtain the maximum like-

lihood at a given j.

Cj = an arbitrary additive constant added to the syn-

thetic spectrum to represent a constant background

or pedestal under the measured spectrum. It will

be optimized same as k.
j,

In this case where the distribution of individual

measurements about a long term average is a Poisson distribution

(A ij)Yi £- jiI

P ij(Yi) (yi)! (3)

Combining (1), (2) and (3) and taking the logarithm of both

sides

28
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n
In L. = [yi In(k. zij + C.) - (k. z.. C.) - An(y!)] (4)

It is necessary now to find the maximum likelihood of in L.
as a function of k., C. and j independently. The third term
in (4) is not a function of the above so it can be ignored
for the time being. At any given j then the optimum k. and
C. are those which allow the partial derivatives below (5),
(6) to be zero

a n L. n I Yi lij

k= = zij 1 . zi (5)

B An L. n Yi
-0 1 [V .Z A. (6)

i=l ij + )j

Unfortunately there is no analytic solution for k. and C. as
in the analogous procedure for a Gaussian distribution (least
squares). The Newton Rapsohn method will be used to effect a

solution.

n Yi zi- n

f.(kic 0 = I I .- z.. (7)illk z ij + i=l 13

n Yi

gj(k J9C ) 1 0 = I j ij + C. n (8)

in general

fck0 + K9 CO + 60 + 6K 3f k

af(k 0,C0 )+ 6C " 3C (9)

ag(k 0,C0)
g(k0 + 6ks CO + 60 0 = g(k0 , CO) + 6K --

+ 6 3g(k 0 ,C0)

29



solving the right-hand side of both equations.

a b a ~g : - ,f (11)

f -E g ~

f g (12)

initial values of k0 and C0 are

k0 Ymax - Ymin (13)

C0 Ymin (14)

new values for k and C are

k k0 + 6K  (15)

C C0 + 8C  (16)

which are iterated until 6K/k and 6SC/C are both less than

i0"0 or so. Convergence to the 10- 8 criteria takes five or

six iterations.

Once optimum k. and C. values are found correspond-

ing to a particular T. the actual likelihood function at eachj

j can be computed. The T. at which the likelihood functionj

is maximum is the temperature of best fit. The preceding T.

along with T,+] and Tj+ 2 are used to generate a parabola

L 2AT2 + B+C (17)

The peak of the parabola, where 3L/3T = 0 is used to indicate

an interpolated value of T. The shape of the parabola near'

the peak is use:d tc deduce a oT in a manner similar to Dyer

(1970, unpublished) for least squares fitting (see Figure 11).
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APPENDIX B

VISUAL VERIFICATION OF MATCH RESULTS
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A P PE ND IX C

LISTING OF COMPUTER PROGRAMS
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PROGRAM ABP(OUTPUT.TAE5,TAPE6.TAPE3.TAPE7.tAPE39) 000720
cc PROGRAM FHO 000730

DIMENSION TE(2),Id(2).IdE(2) .UY(2)e3E(2).ALFA(2).IZ(26).IIZ(21) 000740
DIMENSION FC(8.S) .R(I.8),8NV31).8NJ(OS).ENI(8,S0).APS(9.80) 000750
DIMENSION FR(3.3.Q0),FP(3,3.80)vJCX(6) 000760
DIMENSION MJRC8O).MJG(80).MJP(80).DLAP(80),SIP(80),ULAR(80), 000770

IDIR(S0) 000700
COMMON TEU.UX.WY.DE.ALFA 000790
COMMON/SPEC7P/SLAP.BLAR,9IP.SIR 000600
MRITE(6.29/) 000810

297 FORMAT (3(3NIALO PROGRAM 1960 FOLLOWING DATA USED) 000920
REWIND 7 000830
READ(5.295) IVATE.MOO 000840
WRITE(6.2951 IIDATE,MOO 000950

295 FORMAT(16,12) 000860
2951 FORMAT(IXI6.12) 000870

READ (5,296) (JEXCIJEX)tIJEX-I .5) 000880
WRITE(6,296)(JEX(IJEX). IJEX-1.5) 000890

296 FORMAT(IN .5AI0) 000900
READ(5. 109)TSOLYSOLvSOLO 000910
IIRITE(6. 1091)TSOL,*YSOL.SOLO 000920

109 FORMAT(2F10.0.E12.4) 000930
1091 FORMAT(IX,2F10.0.EI2.4) 000940

READ(5,111 )(TE(I) .W(I).UX(1),WY 1 ).DE 1) ALFA(I).I-I.2) 000950
URITE(6,1111) (TE(I).M(I).IdX(1).WY(I).9E(I). ALFA(I) .1.1,2) 000960

111 FORMAT(F12.4,F11 .5.F12.7,F9.6.r9.7.FIO.7) 000970
1111 FORMAT(1XF12.4-.FII.5,F12.7,F9.6.F9.7.FIO.7) 000980

READ(5.112)0. IMAX.JMAX 000990
URITE(6. 1121)0,IMAX.JMAX 001000

112 FORMAT(F20.3,213) 001010
1121 FORMAT(IX.F20.3,213) 001020

DO 113 r-1.IMAX 001030
DO 113 II-1.IMAX 001040
REAV(5.I 14)L.LL.FC( I * I) R(I * I) 001050
WRITE(6. 1141 )L.LL.FC(1,XI).R(I.II) 001060

114 FORMAT (212.Ell.4,F7.3) 001070
1141 FORMAT(IX,212.EII .4,F7.3) 001080
113 CONTINUE 001090

READ(5. 122)MIAXIIAXJNAX 001100
WRITE(6,1221)M.IAX.IIAXJNAX 001110

122 FORMAT(413) 0011210
1221 FORMAT(IX,413) 001130

IF(M)127,127, 1233 001140
127 DO 128 I-1.IAX 001150

D0 128 II.1IIAX 001160
riO 128 J-1.JNAX 001170
NEAI(5,180)IA,16,LO,JP,TP.FP(1,II.J),Ja,JRTR.FR(I.I11J) 001180
WRITE(6, 1801 )IA. 1S.LQ,JP. TFrFP( I.I.J) .JOJR.TR.FR( 1.11 .J) 001190

180 FORMAT(213.14, 13.F1O. 2.F1O.3,213.FIO.2.F10.3) 001200
1801 FORMAT( 1X.213. 414 3.FIO.2,FIO.3.213.FIO.2.FIO.3) 001210
128 CONTINUE 001220

1233 READ(5,193)LLFJKAX 001230
WRITE(6,l931 )LL.JKAX 003240
READ (5.193 )CIZ(L),IIZ(L),L-1,LL) 001250
WRITE(6,1931)(XZCL). IIZ(L)I .1.LLI 001260

193 FORMAT (1414) 001270
1933 FORMAT(IX,1414) 001280

READ(5, 115)Tt'ELT.TMAX 001290
WRIT(6,1151 )T,IIELTTMAX 001 300
TPEOIN=T 003310

115 FORMAT (3F10.1) 001320
3151 FORMAT(IY,3F10.3) 003 330
292 FORMAT (26H THESE DATA ON TAPE IF 1 *,12) 001340

WRITE(6.292)MOG 003350
READ(5.193 )ISPECP.ILINE, ICON, IINY 001360
WRITE(6.1931 )ISPECP.ILINE,ICON.IINV 001370

123 CONTINUE 001390
0713.0/(0.6952*T) 001390
JAX-JMAXf1 001400

0-3 .0 003420
116 U-V+1.0 003430

00-(W(2)-JX(2) )*V-WX(2)*V*V 001440
EY-EXI, ( 00*01) 0014510
(1-O#EX 001460
ir(rx*200.0-1 .0)17.I17.1 I 001470

117 04.-0 001 480
DO0 120 L.1.IIIAX 001490
VL-L-1 000
OOO-(W(2-WX(2) *VL-UX(2)*VtL 001510t&
vm-( I.0ov)srX4 (-soo*r.T) 001520
SMY(t )-VN 001530

120 CONTINUE 001540
-Al A(.) 0 f,003550



0-4OiS(2) M (2) ONE(2)/ (2)(2 U) 00 1560
AI-.00015 70

146 ::AJJ.0 001590

I-Aj8(AJf1 .0) 00600
rJ.D*:A-DSAA 001610

F-EXP (-rJ*GT) 00*620
FA-(AJ*AJ*1 .0)*F 001630
G-O*VA 001640
lr((FA*100.0/0)-1.0)147.147,146 001650

147 01-0 001660

110 148 1-lINAX 001670
V-- 001680
&8-9E (2)-ALFA(2)$(V40.5) 001690
00 148 J-t.JAX 00* 700
SJ-J-1 001 710
SC(SJ#1 .0**SJ 001 720
FS-BP*S-1e*S*S 001 730
F-EXP (-FS*GT) 001 740
SF=(SJ4SJ*1 .0)*F/GJ 001 750

148 SNJIJ)-SF 001 760
80-0. 6952*TS01 001770
SOL-SLOF(YSOL .SO) 001 780
C-S0L0/SOL 001790

D0 355 1-1,INAX ^~01000
00 150 J=1,JMAX 001810

SUN=0.0 001820

D0 152 111,PIMAX 001030
UR-l.0-0*R(Z.11) 001840

Ft(-UR*UR*FC* 1.11) 001050

SV-rSNU( 11) 001860
STY-V*Fh001970

TYR-SNY(I,XI.JPJ-1) 0090

TYP.SNY(I1 11..+1) 001890
IF(M)179#179,154 001900

179 IF(1-IAXW14,174,154 001910
174 IF(11-ZIAX)178.178.154 001920
178 tF(J-JNAX)t7d.176,154 001930

176 FRR-FR(Ttll,J) 001940

FRP=VP( 1.11,J) 001950
00 TO 153 001960

154 FRR=1.0 001970

FOP-1.*0 001980
153 IF(J-1*155.155,156 001990

155 SIR-0.0 002000

00 TO 157 002010
156 SJ=SNJ(1I.I-1) 002020

CI-I 002030

CCJ-20(i-1 1+1 002040
SR-CJ/CCJ 002050
SL-C*SLOF( TYR,SO) 002060
SIR-SJ*SR*TYR*SL*FRR 002070

157 SSJ-SNJ(1I.JI1) 002090
DJ-J 002090

DDI-2*J4 1 002100
SP-DJ/OI1J 002110
SSL=C*SLOF( TYP, SO) 002*20

SXP= SI*SP*SSL*TYP*FRP 002130
SX-SIU*(SIP4SIR) 002*40

SUN=Stim4sX 002*50

152 CONTINUE 002160
APS(II)-SuN 002170

150 CONTINUE 002180
355 CONTINUE 002*90

D0 160 1-1.IIIAX 00o200
DO 161 J-1.JMAX 002210
sUNO-. 0 002220
DO 162 1I-1IMAX 002230

URsI .O-GSRCI,1X) 002240

FK-URSUR*FC( 1,11) 002250
IF(J-1)163.163,164 002"60

163 SIR-O.0 002270

00 TO 165 002290
164 SR-I-1 00,1296

SYR-SNYC!.I1.! J-1) 002300

530- SYR*SYRSSYP 002310
SIR-SR$S3R 002320

*65 SP-J 002330
SYI'-SNY(1,,lf..j**) 002341)
53p-SYPSsypSsyp 002350

SIP=SPS53P 002360
SJ-(SIF'+SIR)$Fk 002370

162 SUM-SUM#SI 002380
*61 ENI(I,.I)-SUM n02390
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160 CONTINUE 002400
OVDN-2 *724E-04 0024 10
9DN-..-SIN 002420
ILDIAX.0. 002430

WLMNN100000. 002440
*NPMAX-0 * 002450

DO 194 I.'-,LL 002460
111Z(L)41 002470
1L-11Z(L + 002480

1901 FORlIAr( X.16.FIO. 1,414. l-10.3,EI 3.4.214.Fl0.3.E15.4) 002490
RR"I .0-O*R(i * 11) 002500
Fk-rC( 1.1! )*RR*Rft 002S10
110 169J-1,JKAX 002520
AEsAF'SII.Jl/ENZI ,4) 002530

170 SR-i-I1 002540
172 SP.4 002550

sNyF-SNy(1,1I.j41) 002560
SNYR-SNY(I, I..J.J-1) 002570
T3P-fiNYPSSNYP*SYP 002590
r3k-sNYRaSNYR*SNYR 002590
ILAF(J) -SLbh* I00000000/SNYP 002600
PLAR(JI -StN410000000/SNYR 002610
M-IR(J)-J-2 002620
MJP( ) -j 002630
MJGCJ).j1 002640
P11(J) =SPEAESFrR1T3P 002650
PIR(J)-SR*AE*FK*T3R 002660
IF(1.NE.11)CO TO 173 002670
IF(D1F(J).GT.AMPNAX)AMPMAX-3IP(J) 002680
IF(DXR(J).GT.AMPNAX)AIPMAX-DIR(J) 002690
IF(FPFJ).Lt. .01*AIIPMAX)OO TO 1725 002700
IF(1LAP(J).0T.WLM4AX)WLMAXKDLAP(J) 002710
IF(PLAP(J),LT.Ll1N1ULMIN-PLAP(J) 002720

17215 CONTINUE 002730
IF(DIR(J).LT..001*ANPHAX)GO TO 173 002740
JF(PLAR(J) .OT.WLI1AX)ULflAX-9LAR(J) 002750
IF(PLAE(J).LT.ULMIN)WLMINDBLAR(J) 002760

173 CONTINUE 002770
1 F(J. EQ.20)WRI TE (A,190 1 ) IVATF, T, IZ(L), I IZ(L) MJO(J) , JP (J) &EL AP (J) 002780

1,11IF(J).MJO1J).NJ1(J),DLAR(.D),DIR(J) 002790
168 CONTINUE 002900

IF(110.EO.1)WRITE7? I(IDATE,T,XZ(L),IZZ(L),NJO(J),MJP(J) .PLAP(002810
23) .BIP(J) ,NJO(J) .MJR(J) ,ILAR(J) .SIR(J) ,J.1 ,JKAX) 002920
tF(L.El.1.AND.T.EO.500. )WRITE(6,1901)(IDATEPT,12(L),IIZ(L) ,NJO(J),002130

IMJP(.J) .PLAP(J) .BIP(J),.114(J),MJR4(J) ,ILAR(J) .919(J) ,J.1 JKAX) 002940
194 CONTINUE 002850

TF(IINV.EO.1)CALL INVEN(LL.JKAX) 002960
IF(!SPECP.EG.1)CALL SPECVC(bILNAX.ULMIN.LL,JKAX,JEX.T) 002870
I-T+flELT 002980
IF(T.LE.TMAX)OO TO 123 002990
VACKSPACF 7 002900
PRINT 19.31, JKAX 002910
READ) ( 7) (IDT.11.12.MJO(J),MJP(J),PlAF'(J).DIP(J),MJO(J). 002920
1NJ)R(J).PILAR(J).F.1R(J),J-I .JKAX) 002930
URITE(6, 1901 )(XD,T,I1,12,NJO(J).MJPIJ),PLAP(JI.BIP(J),MJO(J), 002940

3114') ~ ,ILA9)JIIR() ,J ,JAX)002950
9'rwiNli 7 002960
IF(ICON.EO.1)CALI HCON(tEIEGIN,TMAX,tIELT) 002970

555 CONTINUE 002980
IFIISFECP.EO.1)CALL PLOTV)4) 002990
STOP 003000
END 003010

c 003030
C 003040
C 4 SMNALLI SUORIIUTINES 003050
C 003060

003070
FUNCTION SLOF(A#SO) 003080

C: fifRI#(wr.. SPECTRA 003090
ijli) A*A/(EXr(A/SO)-I .0 003100
RF IlNl 003110
rNp 003120
FIINcT 1IN ojt,'v .11 J,JJ) 003130

COMMON I- *jWX,WyVll *Al F 003150
V r 4103160

rI- 00317
A.)* 00.3;9
(H'J IA ,*#*I2 I)A1 I 3l0~I(+.)03

NI~~~0. II 10.A 11 ~
N1 bf4li 0)*JVVO0
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02-403~32eE/~ul2 003250
A:#iJJS(AJJ41 .0) 003260
A.AJO(AJ#L.0) 003270
FI.DISA-VISA*A 00o200
F2-92SAA-D28AA*AA 001290
TI-TE(1 )#GI+Fl 003300
T2-YE(214O24F2 003310
SNY-T1-T2! 0033210
RETURN 003330
ENO 003340

C 00 ;3A0

C 003400

SU BRUTIE HCONCTI .T2.T3) 003410
DINENSTZIN LM 5) .N(75),A(75) .3(751 .P(75).N(75).C(75) 0034z0
DINENSION 901)f 003430

REWIND 3 003440

DO 100 IPAS-1.1 00346 0
C 003470

REWIND 7 00340
IV.0 003490
ST-4800 * 003500
ITI-Tlf.0O1 6, . T2-T2*.001 5 T3-T34.00l 003510
DO 70 IT-1T1.1T2.1T3 003511o

5 REA£17)(IVTXPY,L(J).N(J),A(J),8(J).L(J1,N(J2,C(JlD(J).JI .73)003530
IFCilx-zY).NE.IV)OO to 3 003540
DO0 6 K-1,901 003550

6 YMK-0. 00.1560
00 11 LL-1.4 Of, 1570
IF(LL.EG.1)O TO 7 003'1"o

7 IFC(IX-1Y).NE.IV)00 TO 110 00.4600
ITT-T*.O1 003610
IF(ITT.NE.IT)GO TO 110 003620o
0O 11 1-1,2 00'%A30
0O 11 J-1,75 00.4640
IF(I .EO.2)A(J)-C(J) 003 ,0
IFCI .E0.211CJ)1D1J) 001660
K 1-4.* *(AC JI-ST )-15 * 003670
K2-KI+30 00,3680
IF(KI.LT.1)Kl=1 0036910
IF(KI .GT.800)NI-000 003700
IF(K2.LT.2)K2-2 003710
JF(K2.OT.801 )K2-801 003720
DO 11 K-KIPK2 003730
VK-K-t 003740
DLAMH.A()- .25*VK-ST 003750
Y(K)-Y(K48(J)*SLI1TN(IPAS.DLAN) 003760

It CONTINUE 003770
YH.0 * 003780
DO 12 9-1,901 003790
IF(Y(K) .GT.YM)KM-K 003000
IF(Y(K) .GT.YM)YM-Y(K) 003810

12 CONTINUE 003820
DO 13 K-1,0901 003830

13 Y(X)-Y(K1/YMf 003840
WRIIE(3)IV.T.IPAS,KM.(Y(K).K-1.001) 003pr-0
PRINT t4.IVpTvIPAS.KM 0031?AO

14 FORMATCIXP16HSEQUENCE BELT V-..12.7Ht TENT .F6.0pl3l4 [DEG t-, rPAS-, 003870
114,30H BANDHEA) AT STEP NUN.14) 003880

70 CONTINUF 001890
ENOFILE 3 003900
PRINT 71 00M0 t

71 FOIRMAT(2418' 00.90
100 CONTINUE 001rio

00 TO 120 003940
110 PRINT III009,
III FORMAT(lXP26PWONO, ORDER ON DISKRETURN) 00A960
120 RETURN 003970

END 003900
C 004000
C 004010
C 6 SLXTFN 0040:10
C 0040.10
C 004040

FUNCTION SLITFN(NFDLAN) 00401,0
DIMIENSION FNC3,100).AMUL(31,LIC(3) 004400
DATA(FN(lIft),K-1.20)/5.54.5.50.5.40.5.22,4.90.4.56,4.12,3.64,3.22,004070

12.76.2.30,1 .06.1.42,1.00..74,.48,48,P.16,.04,0./ 004090
I1AAIFI2,I.K1 ,41,.937.8, .7,652..744.9,4,.3.2.234.004090
II *74. * .. 32 .070./004100
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DOATA(FN(.).- 1)98S69 .............. 5 004110
l.1..75. .4..*I*.501004120

DATA LIN/20,14,1S/I- 004130
DATA ANULlj0794226. .6..4062/ 004140

C71 OLOING CONSTANTSi FOR ALADDIN 11 CLARA I HOPE APR 1972 004150
DATA LItl/17/ 004160
DATA AMU.L/.10660/ 004 170
VATA(FN (1,)I-.7/990.84,7.845.,O9 004100

142.,339,2.2.6.49.6..4..A. .4 .60./004190
DATA LIN/13/ 004200
DATA AMUL/.1019/ 004210
DATA CFN(I.IU,K-I.13)/227.,224..209..191..153.,125.,98..70. 004220
1,42.,16. .2.,0. .0./ 004230

C ALADDIN 74 SLIT FN 004240
DATA 1111/30/ 004250
DATA AMUL/.15/ 004260
DATA (FN41,K).K-1,30)/703..701.,699..671.,644..616..507.,558. 004270
1.529.,500.#472.,443.,414..385..356..327..298.,270.,241. 004200
2.212. .194. .155. .126. .97. .68. .41*.,21 *.9g. .1 .0./ 004290

C POST-ALADDIN JAN 75 SLIT FN AL BURNER 004300
DATA ANUJL/.066175..081125/LI1/44,36/ 004310
DATA (FN(I,k),K-1,44)/.0949,.0949..0945..093,.091..0985,.0959..093004320
14..0909..0784..0758..0733,.0708..0682,.0657,.0632,.0604,.0591,.055004330
26. .0531, .0505. .048, .0455. .0429. .0404. .0379. .0354. .0329. .0303. .0278004340
3,.0252..0227..0202..0176,.0151..0126..010I..0075,.0050,.0027,.0013004350
4,.0007,0. .0./ 004360

C POST-ALADDIN JAN 75 SLIT FN THA RELEASE 004370
DATA (FN(2.K).K-l,36)/.1176,.1173..1156,.1120,.1003,.1045.I009,.0004380

197. .0933. .0895. .0959P. .02..0793, .0745. .070G. .0670. .0633. .0596. .055004390
28. .0521 *.0483, .0446. .0409. .0371 *.0333. .0296. .0259. .0221,*.0183. .014004400
36,.0108,.0071..0034,.0005.0..0./ 004410

C AEOLUS JAN 1975 004420
DATA AMUL/. 15345005/.LIN/29/ 004430
DATA (FN(1,K).K-1,29)/142.5,140..134..127.8,121.7.II5.6,109.4,103.004440

12.97.2.91 .,84.8,76.6.72.5.66.3,60.2.54.2,40.1.42.0.35.8.29.4,23.2,004450
217.0,11.5.6.5.4..2.,.7.0.,.0./ 004460
DS-AIIS( DLAM)/AMUL(N)*1 * 004470
IDS-Ds 004490
IF(IDS.OE.LIN(N)-1)00 TO 20 004490
DDS-!Ds 004500
RVS-DS-DDS 004510
Sl.ITFN-(I.-RDS)SPN(NXDS)+RDS*FN(N.ID9+1) 004520
GO TO 30 004530

20 SLITFN-O. 004540
30 RETURN 004550

END 004560
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PROGRAM NAICNEO0UTPU)T.TAP65.TAPE6.TAPE2. TAFF3) 00e'10
DIMNSION4 NSP(#).MSTSmU. MICRflN9).T1-LIST(3).AMUL(I2 008220
DIpMNSIOM AmpDAw 1] 009230
DIMENSION WAC(201.W (2A.0) 000240
COMMON 91300).X(300.,YWE300'.lE801./W901 ).T(19),DUN(801P 000250
INTEGER ON 0011260
DATA A9AY/I0OLUE Slit 000o:'70

C DATA AML.97I..97a.A40'.2os.3482.4j,. 088
C 11.6-'464,1.62464/ 008.190

DATA A/2i.21.23.21./3.23.23.22,008300
DATA NS/ II1 1./009310

C DATA ST/06,8.7.7'1:9 000320'
C DATA NsTR/224.A1.19i.30.203.tI:'.2R2.I4k/ 009330
C ALADDIN 11 CkARA AND NOPE 008340
C DATA MSTR/170.149.144.:'.;0.0.0,0.0., 0003rS0
C GOLIlATH NOV 71 008360

DATA AMUL/.4076..40?6.0..0.,.....O.,O./ 008370
DATA NSTR/46,II?.0,0.0.0.0P/ 000380o
DATA MICRON/135.135.115,176.176,1?6.176.t?6/ 009390

C ALADDIN 74 009400
DATA NSTR/79.79. 79.79. 79.79. 79.79/ 008410
DATA ANUL/.3055.3055,.i05S,.3055.0.,...../ 008420

C POST-ALADDIN JAN 75 008430
DATA NSF1.2.2.2.2,2.2,21 009440
DATA MSTR/204,t.224,I11.1.,/ 008450
DATA AMUL/.2647.1. ..3245.1.,.I..1..../ 008460
DATA AMUDAS/4824.3/.AMSDAF/486.3/.AMSDAP/384842.s, 008470
DATA AMUL/.3069. .3069. .3069. .3069. .3069. .3069. .3069. .3069/ 0080
DATA NS/ . ./009490
DATA NSTR/290.143.244. 143.182.143.1,1 / 009500

C WSMR OCT 77 008510
DATA NSTR/83180/.AMUL/Gs.30I0/ 008520
REWIND 2 008530
REWIND 3 008540
REWIND' 5 008550

C IF NUMBA.GE.6 A CRT PLOT IS MADE. OTHERWISE A PEN PLOT 008560
C IF MNMA-0 NO PLOT IS MADE. 008570
CC ZAP IS PARAMETER FOR SCALE ON APLOt. 008590
C IF SM-C. NO SMOOTHING IS DONE. 008590
C SM IS SMOOT1HING PARABOLA HALF WIDTH IN ANGSTROMS. 009600
C IF STPL - 0. NO STRIP PLOT IS MADE, 008610
C STPL=1. MAKES STRIP PLOT ON OUTPUT WITH APLOT. 008620
C IF STPL-2. THE STRIP PLOT IS MADE BUT NO OTHER PROCESSING IS DONE. 008630
C IF STPL-3. ONLY STRIP PL.OT IS MADE AND VALUE READ IN AS PFAK IS USED000640
C FOR NSTR. 008650
C IF STPL-4. ONLY STRIP PLOT IS MADE, PEAK IS USED FOR NSTF 006660
C AND SHOT IS USED FOR SMOOTHING. 009670
C IF OW-QUICK PLOT. QUICK CRT PLOT OF FILES NI, N2, OF [IAIf TAPE IS 009680
C MADE BUT NO OTHER PROCESSING IS DONE. 009690

READ(5.210)QW.N1.N2.STPLIAP.SM.NUMDAI.NUNSA2 009700
210 FORMAT(4X.II.6X.I2.3X.I2,7X.F2.O.5X.I2,5X,F2.O.6X,11I.,I1) 008710

PRINT 211.QUNIN2.STPL.IAP.SM.NUN3AI.NUM8A2 0087?0
211 FORHAT(1X.3H0U-.II.1X.5HFILES,12.IX.2HTO,127., STPI-. 2.0, 008730

IIX,4HIAP-pI2.5H. SM=,F?.0.6#1. PEN-.T1.1X.4HCRT-.Il3 00R740
NUMBA-NUMPAI +7SNUMBA2 0087.o
IF(OW.NE.I)OO TO I 0OR760
CALL AL24MI.,N2,NSTR) 008770
00 TO 100 008700

1 CONTINUE 008790
PRINT 201 00000

201 FORMAT( 02NIFILE NO. SCAN NO. SCANS 91IMMED TEMPERATI2lRECDEG. Kd0oosaI
I STD DEVIATION DESCRIPTION,9X.9HPAt SHOT) 0089:10
XPEAK-0 * 0083.0
DO 3 K-1,801 000940

3 ZWII,)-4S00.+.25*FLOAT(K-1) 008850
DO !, L-1,19 00006',

5 T(Ltb-50*L4t00 0014F110
7 READ (5,20: )NF,NSC,N9UM.ALFHIALPH2.PEAN,ALPH43 10"OnO1

IF(COT (5)1100.8P 00130
202 FORMAT(9X, ?2.IOX,14.5X.13.9X.AIO.A9.FA.2.A5)011"

8 IF(STPL.LT.I.S)CALL ZSTORE(-NSF(NF)) 00119 10
CAL. IqNN(NF.+tIDUMMY) 0099:10

008930
NSUM=MAXO(HSUM, 1) 008940
DO 10 N 1.300 0095

10 Y(N)-1. 008960
NSTRNF 'NSTR(NF 008970

C AEOLUS MARCH 197' 009990
TF(NSC .GT.bT4)NSTRNF-NgtR(NF+2) 008990
IF(N;C .Or.A9)NSTRNF=NSTR(NF+4) 009000
Ir(sirL.GT.2.9INSTRNr PEAK~ 009010
DO 22 N-I.NiiU 009020
N4-300*(NtNflC)+NqTkNF -A01 0090.10
DO%0 3 N1.300 0090)40
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CALL1SNNF~~N.-l~M~i)009050
20 Y k~V1)*kIN) 009 00
22 CONTIffiJE 009070
IF(STPL.LE. .9)00 TO 25 009060

ANSUN.NSUM 009090
00 23 K.1.300 009100

21 V()y4NA0Ul 009110
PRINT 201 009120
WRITE(6,201) 009130
PRINT 204.Nr.NSC.NSUNALPH1.ALPN2,FEAK.ALPN3 009140
URIrE(6.2'04)NV.NSC.NSUl.ALPHIPAI-PH2.FEAKALPH3 009150
IF(STPL.GE.3.9)O TO 235 009160
CALL ArLOTC300.IAP) 009170
IF(STPL.GE.1.9)0O TO 7 009180

235 Do0 24 N-1.300 009190
14 YCW) Y4K)*ANSII1 009200
7S NRFMF-NSFINF) 009210

C 009220
C 009230
c 009240
C FUR INTERACT IVE ADJUSTMENT 009250

INFASS-l $ GO TO 27 0092A0
c 009270

XNPASO- 009280
26 NUNE4AO $ INPASS-INPASS41 009290

P'RINT 1002 009300
262 READ 1001.APUT 009310

IF(APUT.NE.0.)GO TO 264 $ NUNDA-10 $00 TO 262 009320
264 PEAK-APUT 009330

PRINT 1003 009340
READ 1001 .APUT 009350
IF(APUT.NE.0. )AMUL(NF)-APUT 009360

1001 FORMAT(FI3.2) 009370
1002 FORMAT(* PEAK-*) 009380
1003 FORMAT(* AMUL-SI 009390
27 CONTINUE 009400
C 009410
C 009420
C 009430
C 009440

DO 30 K-1,300 009450
YU(3K)-AM9DAP(NSFNF) +AMUL(NF)*(PEAKv-ILOAT(K)) 009460
IF(XNPASS.EG.1)Y k): RES(Y(K),YW(K)) 009470

30 CONTINUE 009480
XFITS=PEAK-(A9IDDAF-ANSDAP(NSFNF) )/AMUL(N4F) 009490
zrF1T1=PEAK,(AMBDAP(NSFNF)-AMPDAS)/ANUL(NF) 009500
IFITS-MIMOT FITS,27 ;) 009510
IFITF-MAXO( IFITF. 3) 009520
IFITG-MAX0( IFITS. 1) 009530
IFITF-t11N0( IFTF,273) 009540
IF(STPL .GE.3.9)IFITS-1 009550
IF(STPL..GE.3.9)JFITF-300 009560
IF(STPI-. LE.3.9)Gn TO 37 009570
CALL APIOT(300,IAP) 009550o
IF(STPL.OF.1.9)GO TO 7 009590

37 [F(ASKY.Nr.ALFN1 100 TO 50 009600
S0 40 K=~1,300 009610

40 X(K)=Y(h) 009620
XPEAN=F*EAR 009630
rRINT 204.NF.NSC,NSUMALFOIIALPN2,PEAK,ALPH3 009640

204 FORMAT(JX,12.OI,13,I0X,12,43XA10,A9,F6.1,1X.A5) 009650
G0 Tn 7 009660

5o CONriNur 009670
CALL FIr(R01.19,FrSIrIFITF1'E,FIJACAK..XPEAK,AMIJL(NF)) 0096P0
IDLIST(l)-NFS1DLIST(2)-NSCSIDLIST(3)-NSUM 009690
PRINT 203,NFNSCNSUM,TF,TE,ALPi 4PALPH2,F'EAKPALP43i 009700

'103 FORMAT(3X,12,RX,13.IOX,12,14X,F6.1,13X.F5.1.5XAtO,A9r6..IXA'-;) 009710
c (00w):1
r 0097W0
C 0109,40
C FOR INtrRACTIVE ADJUSTMENT 0097750
C IF(NUMBA.NE.10)(30 TO 2A 009760
C 009770
C 009700
C 009790

IF(NUMPA.EGO)GO Tn 7 049000
CALL SMOT(YU,Y,1.275,SM3 009"10
CALL NFWFlT(IDlST,1,A.fiOl, I'5T..MCONF39U'UA 0091120

10, NtIMFIASM XPF A, , AUL (NI ( 09830
n0 TO / 009F140

100 COmrNETill 00W11-io
I'(III0 13 'FNIMA' 3 ~ 313 NI3I( T n09060

';I~i 00"(1 70
I NI~ 03) 9340
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009900
C 009910
C 12 FRES 009920
C 009930
C 009940

FUNCTION FRES(FPFLAMD) 009950
FL-FLAD-4800. 009960

C USED WITH HAWAII DATA 009970
C FRESzF8(.93075+.00I1915*FL-,O00000O4.,L6FL) 009980
C 007990
C 010000
C USED WITH ALADDIN AND GENIE DATA 010010

FRES-FI (*t.OO049038FL) 010020

C 020030
RETURN 010040
END 020050

C 010070
C 010090
C 13 FKAY 010090
C 010100
C 030110

FUNCTION FKAY(KAYPRN) 010120
C ALADDIN 74 010130

DATA A/918.9/,PD/.0004572/.T/.001618/ 010140
C POST-ALADDIN JAN 75 010150

DATA A/I./.9I/1.00781/T/.0011621/ 010160

C 010170
C 010180

C WSNR OCT 77 010190
FKAY-KAYPRM 010200
RETURN 010210

C 010220

C 010230
FK-KAYPRM 010240

C USED UP TO APR 73 ON ALADDIN 1I DATA 010210
C FKAY-FK/(I.-FK/950.) 010260
C SLIGHTLY DIFFERENT NO. FOR OOLIATH NOV 71 010270

C FKAY-FK/(I.-FK/949.217) 010280
C AEOLUS MARCH L975 010290

DATA A/2699.8/,D/.0002055/.T/.0010693/ 010300
FKAY-FK/(I.-FK*T)-m*A 010310
RETURN 010320
END 010310
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010350

C 010360
C 14 FIT POISSON 010370

C 010390
C 010390

SUBROUTINE FITIN.NTNIN2,TFPTEPFNACC.AKKPSMPXPEAKPAMUL) 010400

C 010410
C -----................................................................ 010420

C 010430

C ZU WAVELENOTH ARRAY SYNTHETIC SPECTRA N ElEMENTS 010440

C 7 AMPLITUDE ARRAY NT BY N 010450
C N 010460
C T TEMPERATURE ARRAY Nt ELEMENTS 010470

C NT MUST BE LESS THAN 20 010490
C Y1 HEASURFD SPECTRA WAVELENOTH ARRAY NY ELEMENTS 010490

C Y MEASURED SPECTRA AMPLITUDE ARRAY NY ELEMENTS 010500

C NY 010510
C rF BEST FIT TEMPERATURE 010520
C TE ERROR PARS ON TEMPERATURE 010530
C X - BACKOROUND ARRAY 010540
C 010550
C NOTE THE SYNTHETIC ARRAY MUST BE IN CONSTANT INCREMENTS IN WAUELENSTOI0560
C 010570
C 010590
C ..----------------------------------------------------------------------- 010590
C 010600

DIMENSION WACC(20),MAKK(20).AA(20).AM(20),F(19) 010610
COMMON Y(300),X(300).YW(300).Z(01).ZW(801)pT(19)eDUM(801) 010620
AN-N-I 010630
I=NI 010640

to CONTINUE 010650
AK-AN*(YU(I)-ZW(l))/(ZU(N)-ZW(l))41. 010660
IF(AK.GE.I..AND.AK.LT.ANfI.)OO TO 20 010670
IF(AK-1.)I3.13.14 010680

13 NI-11 010690
GO TO 20 010700

14 N2.1-1 010710
00 TO 21 010720

20 IF(I.GF.N2)0 TO 21 010730
1.1+1 010740
00 TO 10 010750

21 D-N2-NI+1 010760
YMAX=O. S YMIN-I.E+08 $ RYC=O. 010770
DO 40 I-NI.N2 010780
YMAX=AMAXI(YMAXPYCI)) 010790
YMIN-AMINI(YMlN.Y(I)) 010900
IF(Y(I).LT.5.) 60 TO 481 010810
YIIY(1+1I* 010820
PYrC)YC+(YfI-.5)*AOG(YII)-Yrt1i./(1?.*Yii)-i./(360.*YiI**3) 010830

Il4./(126O.*Y11155)- I./11610.*YIl**7) 010840
GO 10 485 010850

4RI KNY ! 010860
KY 2 )4.5 010870

I K Y. 1 II. .3 6) 0096
1I .1 01.4 30'24 1090C(

IF. 01 (.u . 5)1'.Y -I 010910
YI 4LOAT kKY) 010970
0y 9Y-(:ALOG(YKkY) 010930

4f-' YIP-AMAXI(.01Y(I)) 010940
I-YC-IBYC-.5BALOO(YlF; 010950

40 CONTINIOE 020960
UA.YMAX-YM1N 0 UAC-YMIN 010970
ll) 5' .'-I,NT 010980

CAll ,SItRF{J) -1I09VO
LOO)0~ - .1000

44 AZx0. $ AY/tT0. S AYD,0. S AY72rC-2+0. $ AYIIP'=0. 4 AYT:'O. 011010
I 0)01+"- I f 32 1 011010
I1" 2 +iE .r.T.5)F J).1.II ' I 1011

I1 46 I+T.,N 0 211 ,'

AK-AN*IYW(f) ZWIJ ))II i li/ l N) Z7 ti)) 41, ., ',1"
K -A k t t 0.'Ll
lj. l, ()I lOv I

01 1 0ll,

A,' Al-1/ 1l1,ll l
fl t I. -At.R i/'IZ '+ 59.01 10

I!A ,AIOU tUI'Ol I.''4

b!, "1 1. 40~
I' 11/i A, P I 

+
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3-SIIA011190

AVZD?-AYZD2+9 
011200

3ZZ 01110
AYZ2D2-AYZ2D2 3 1.1220

4& CONTINUE 01 130
D(T-AYZ2D2SAY02-AYZD2*02 i14
FM0T-AZ-AYZD 6 ONOT-I.-AYD 01 l'50
ZELK(OWOT*AYZV2-FNOTSAYV2)/DET 013260
DELC-(FNOT*AYZD2-OSAYZ2l2)/DET 01t270
MAK-AK+1EL. S WAC-WAC4DELC 01128'0

IF(VELK.GT.1.E-10SUAK.OR.DE.LC.OT.l.E-10SUAC)0O TO 44 011290
MACC(J)UWAC 011300

UAKK(J)-WMAN 011310
IF(MAC.LT.0. .OR.WAK.LT.0.)F(J)*1.E413 011320
IF(WAC.LT.0. .OR.WAK.LT.0.)OO TO 55 011330
F(J)-0. 011340

00 50 I-NI.N:' 011350

AK.ANS(YW(l)-ZW(l))/(ZU(N)-ZW(l))41. 011360

K-AK 011370

CK-K 011300
AK-Ak -CK 011190
ZZ'(1.-AK)*Z(K)+AKSZ(K+l) 011400

XI-1 * 011410

FK-XPrAK-(YU( I)-4861 .34)/ANIJL 011430

M-FK 011440

ACO-M 011450

ACG-FK-ACG 011460

XI-ACtSX(M+1)4(1.-ACG)*X(M) 01 1470

49 O-UANSZZ+IJAC 011 480
0-0-YVI )SALOO(D) 011490

so F(J)=F(J))+P 01)1 500
55 FCJ)=F(J)+BYC 011510

201 FORMAT(IXSE11.4) 012

FN-I0.E+10 0115.50
D0 60 J-I .NT 011540

lr(F(J)).LT.FN) IT-J 01 1,5(0

IFCF(J) .LT.FM)FM-F(J) 011560

60 CONTINUE 011570
IF(JT.EO.l.0R.JT.EQ.NT) 00 TO 71 0115n0

X1-T(JI-1) 011590
X2-T(JT) 011600

X3=T(.IT+1l 011610
110 70 NN-l,3 0116,10
00 TO (61 .62.63)uNN1 011630

61 YI-F(JT-I) 011640

Y2-F(JT) 011650
Y3-F(JTfI) 011660

00 TO 64 011670
62 YIUVACC(JT-1) 011680

Y2-WACC(JT 1011690)
Y3-UACC( JT+1) 011700
00 TO 64 01t710

63 Y1-WAKK(JT-1) 011720
Y2-WAKK(JT 1011730
Y3-WAKK(JT+1) 011740

64 Y41(Y2-Y1)/(X2-Xl) 011750

Y5-(Y3-Y2)/(X3-X2) 011760

X4-(X2*X2-X1*XI )/(X2-X11 011770

XS-( X3*X3-X2*X2)/(X3-X2) 011780

AG-CY5-Y4)/(XS-X4) 011790
3O-Y4-AQSK4 011900

CO-Vi-AG*XI SX1-IooXl 011910

00 TO (65.66o67).NNf 011920

FN-AG*TFSTF#00STF+CG 011940

RH-FM* I .+1 .11) 011850

TE-DflSOO-4.* AOS (CO-RN) 011860

TE='9ORT(TE)/(2.*AO) 011070

00 TO 70 011900

66 WAC-AOSTF*TF+90STF+Cg 011890

00 TO 70 011900

67 WAK.AQSTF*TFDO0*TF*CG 011910

70 CONTINUE 011920
00 TO 72 011930

71 TF-T(JT) 011940

TE-999.0 011950

72 RETURN 011960

ENDl 011970
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C 0 12000
C 012010
C 15 MSORE 01 2020
C 0 12030
C 012040

SUBROUTINE ZSTORE(L) 012050

CONNY(300).X(300)PYW(300).Z(U01).ZW(SOI ).T(192.DUISCO2I) 
012060

1 (L.L . ) g0 TO 16 012070
IF( -LL)V9100.6 012080

6 L14tLL+1 012090
Do 007;LL 012100

8 fEAD()7;.TTPNN,K.E Z(JJ),JJ-1.901) 0 121 10
LL 'L 012120
so TO 100 012130

16 N7;13267,090122369 012140
IFN4 .NE.NS)N2-NS .012150
N4-NS 012160
NF--L 0 12170
IF (NVWaN2)00 t0 22 012190

20 REW1ND 3 012190o
H1 012200

22 N3-N2+1 012210
IF(NF.EO.1) GO TO 29 012220

23 D0 25 NI-3;NF 0 12230
24 RAD(37' VTTNK Z(JJ),JJ.1eU01) 012240

1F(EOP(3) 25 .24 012250
751 CONTINUE 012260

28 LL:0 012270
90 N2 NF 012290

IF(L-2 (100.6,6 012290
91 DCOAt3012300

9LLL-I 012,310

::CKSP7CE 3 0 12320
FL ;LTLL)0OO 92022330

REA (3 1 pTTN,KK,( Z(JJ)pJJ.1,901) 012340
100 CONTINUE 01:1350

RL TINN 012360
FA~l 012370

C~ 012390
r 012400
c 16 SMOT RECTANGULAR 012410
C~ 012420
c 010430

SUBROUTINE SMOT(X.Y.NIPN2#A) 012440
CONNONYD(300).XD(30.U(0)Z(0 zha1rc9zo 012450
DINE"SI 04x I y(1) 012460
IPIA.LE. .001)00 10 too 012470
AS .(X(Nl)-X(N2,) )/N1-N2) 012480
AS=APS(AS) 01 2490
11 " S:A/AS+.5001 0212500
N2* 1-1 012s20

11=11-1 02520
NN=01+11 S NN2-N2-11 012530

D0 30,17NNI.NN2 
012540

D0 36 J-2,II 01.1560
!.l.2-J $ JIt+J) 012570
7I)-l(2)+(Y(IJ)+i(J1)) 012500

20 CONTINUE 0125190
rOr) 4 0 1-NNI,NN2 021260('

40 Y(I)-Z1f)/FL0AT(NN) 017610
100 I F I IlRN 01 26.10

f8 02f O2630
C (l0226!10

c 0 1 2A60
I/ V2;HN 012A70

C0 0 260(t

r.IHINSIPO 11(30) o012720
1 r(K 120,20.10 012.70

20 N6"'232G76V9A29 0227730
IF (NA.NFN6) N:2=86 012740
N44..N, 0 12' 7'V
MF N 017760

G0 T9 20Of 0 2:1 1
20) IF.Nf-P2)21,1222 01 27fl0

R!UINKI 2 01 2790j
N.=2 0121100
if (NF .rril. 1 )01 TO 42 022

mi W#1 (122114 o
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25 REAW 2v209) 411 (00) PM-,30) 012060
IFtE0V12))30.25 012670

30 CONTINUE 012990
00 TO 32 029

31 !iN. :LT.N5)8O T0 50 012900
IF N SE.N5#301OO TO 32 052V50
00 TO 61 012920

3? N2-NV 012930
ms."5#30 012940
00 4q W1-N5,N,30 012950
N11N1t 052960

40 READ(2.209)(1I(NN).NN-1.05) 012970
209 FORMAT(3013) 012990

Ws-N11 012990
00 TO 91 013000

50 BACKSPACE 2 013010
51 "5-"5-30 013020

BACKSPACE 2 013030
IF(M.LT.N5) 00 TO 51 013040
READ(2p209) (II(NN) pNN-l p30) 013050O

SI NN-W-N5#1 013060
XSN-1!(NN) 013070

t00 RETURN 013000
END' 013090

57



L 013140
C 013150

SUBROUTINE NEUPLT(IDLIST,KSK2,NSYPNI.N2, rFTENiCRON,NTACC. 013160
1AKK, I ,NUMDA.SMvXPEAK.AUL) 013170

C 013160
C MAKES FANCY PLOT OF SYNTHETIC SPECTRA CONBINED NITH MEASURED SPECTRA 013190
C IDLIST(hl) TO IDLIST(K2) IS A LIST OF SCAN NUMBERS TO BE PLOTTED 013200
C Z(NTNSYP) IS AN ARRAY OF SYNTHETIC SPECTRA 013210
C ZM IS THE ARRAY OF WAVELENOTHS FOR THE ELEMENTS IN Z 013220

C Y IS AN ARRAY OF MEASURED SPECTRA WITH NYEI ELEMENTS 013230
C Yu IS THE ARRAY OF MAVELFNGTHS FOR THE ElEMENTS 1N Y 013240
C rr IS THE BEST FIT TEMPERATURE FOR THAT SUM OF SCANS BY WFIT 013250
C TE IS THE ERROR BAR ON TF 013260
C MICRON 15 THE SLIT MIDTHE CODE IN MICRONS 013270
C T IS THE ARRAY OF TEMPERATIlRES USED IN THE SYNTHETIC CURVES 013260

C NT IS THE NUMBER OF TEMPERATURES 013290
C ACC AND ARK ARE THE REST ADDITIVE AND MULTII'LICATIVE CONSTANTS 013300

C IV SFQUENCE OF ALO USED 013310

C 013320
DIMENSION IDLIST(I) 013330
DIMENSION ACC(20).AKK(20) 013340
COMMON Y(300),X(300),YU(300),Z(00l),ZU(801).T(19),YP(S01) 013350
INTEGER H 013360

C DRAW AXIS 013370

IF(NUMSA.EO.10)GO TO 5 013390
CALL SUPAPL(IV,2.1,NUMDApO,0) 013390

GO TO 6 013400
5 TID-IDLIST(3) 013410

CALL PPLOT(1 ZUpZIDLISTII) IDLIST(2)PTID) 013420
C FIND NUMBER OF DEST FIT TEMPERATURE 013430

6 TT-T(NT) 013440
DO 1010 N-1.NT 013450
DT-ABS(T (N)-TF) 013460
IF(DT.LT.TT)LL-N 013470

2010 IF(DT.LT.TT)TT-DT 013480
YMAX-O. 013490

DO S M-NI.N2 013500
a YMAX-AMAXI(YMAXPY(M)) 013510
C IF NUMMA-7 A CRT PLOT WILL BE MADE. 013520

C IF NUMBA-1O A PRINT PLOT WIlL RE MADE. 013530
C IF NUMBA-l A PEN PLOT WILI BE MADE. 013540
c FOR PEN PLOT PF NAMED PENFLUIS MUST SE LOADED. 013550
C FOR CRT PLOT PF NAMED CRTPLOTS MUST BE LOADED. 013560
C FOR PRINT PLOT PF NAMED KIrMAPAB MUST BE LOADED. 013570

NDI;NYEL-3 013590

C rLOT SYNTHETIC SPECTRA 013590
00 32 I-INSYP 0.1100
12.-I- 013610
IF(ZW(C).OT.YU(N1))G0 TO 33 013620

32 CONTINUE 013630
33 DO 34 l1lNSYP 013640

11=1 013A50
IF(ZU(I).OE.YU(N2))O0 TO 35 013660

34 CONTINUE 013670
35 DO 1100 MM-1,5 013680

L-LL*MM-3 013690
IF(L.I.T.I.OR.L.OT.19)O TO 1100 013700
CALL ZSTORE(L) 013710

C SHor CHANGES PRESENT Z ARRAY 013720
CALL SMOT(ZWZP.I,12,SM) 013730
IF(MM.NE.I)OO TO 37 01.740

37 DO 38 1-1.NSYP 013750

ZEI )-(Z( I )*AKK(L)+ACC(L) /YMAX 013760
Z(I)-AMAXI(Z(I),.01) 013770

30 Z(I)-4.*ALOGIO(Z(I))#R. 013780
IF(NUNSA-10)40.39p40 013790

39 CALL PPLOT(MMIIZWZ,1NSYPtT(L)) 0113400

0 TO I00 013010
40 IP-3 01111:'0

DO 1090 M-1.NsYP 013030
ZZ-Z(I) 0232240

X3.(ZU (M)-4000.#200.Fi.OAT(IV))*.0O 0132f10
IF(ZZ.OT.B..OR.ZZ.LT.0..OR.X3.LT.O.)O0 TO 1090 02.11n.0
IF(X3.0r.12.)O0 TO 1096 613970
CALL PLOT(X3#ZZPIP) 013880

2090 IP-2 013890
1096 AL-MM 013900

C LADLE SYNTHETIC SPECTRA FOR TEMPERATURE 013910
CALL NUMER(I2.5vAt..2T (L)90..-1) 013920

CALL SYMbOl(13.5AL.2,SHDEG KO.,5) 013930
1100 CONTINUE 013940

C r kof lhASllkrS SFII.CfRA 013950
I' 3 013960
1D10 0.9 M-NI.N2 013970
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X2 (YW (rn-4800.#200.*FLOATUIV)1l.0a 013900
XHN 1 *013990
IF(XPEAK.LT. .001)00 TO 1055 014000
FK.XPEMK-(YW (M)-4861.34)/ANUL 014010
1-rx 014020

Ace-I 014030
ACO-FK-ACO 014040

XNAC8X(I1)*( .-AG)*XIi 04650

1055 YY-100.*Y(N)/YNAX 024080
YY-AHAXI (YY, I ) 014070
Y3-4.*ALOOIO(YY) 01400

vp (NI y3 014090
IF(X2.LT.0. .OR.Y3.LT.0..OR.Y3.OT.9.*00 70 1069 014100

IF(X2.GT.12.)GO To 1070 014110

IF(NUNBA.EG.10)0O TO 1069 0*4120

CALL FLOT(X2.Y3,IP) 0t130
1069 1P-2 014140
1070 IF(MUMPA.N4E.10)0O TO 1071 014150

CALL PPLOT(7vYWvYP,N1,N2.TF)l 014160
CALL PPLOT(B,ZW,Z.1.NSYP.TE) 0*4170

0O TO *00 0141A0

C WRITE TEMPERATURE OF MEASURED SPECTRA 014100
*071 CONTINUE 014200

CALL SYMBOL(0.,B.5,.2,31HTEMPERATURE = +OR- PEG K,0-3.1) 0*4210
CALL NUMDER(2.8,.5S.2.TFv0.,-1) 014220.

CALL NUM9ER(4.6,8.5..2,Tf,0.,-t) 014230

C WRITE SCAN NUMBERS 014240
YT-V. 29 014250

XT-2 * 014260

CALL SYMBOL(0..9.29,.19,9HSCAN NOS..0) 014270

00 1000 K-K1.K2 014280
FPN-IDLIST(K) 014290

CALI NUMBER(XTPYT,.19.FPN.0.. 1) 014300

XT-XT+1 * 014310
IF(Xr.LT.12.)GO TO 1090 0143:10

XT.2. 014330

YT-YT-.35 014340

1090 CONTINUE 014350

C LADLE SI IT SIZE 014360

IFIMICRON.EO.250)CALL SYN3OL(B.,8.5..2,2OHSLIT - 2.5 ANGSTROMS.0..014370
120) 0*14380

IF(MICRON.EG.251 (CALL SYMPOL(B..0.5,.2,2OHSLIT - 3.5 AMOSTROMS.0.,0143VO
120) 014400

IF(MICRON.EO.450)CALL SYMI0L(B..9.5,.2,20HSLIT - 4.0 ANGSTROMS,0..014410
120) 042

100 RETURN 014430
ENDl 014440

C 01 4460

C 047

C 19 PRINT PLOT 014470

C 014490

C 014500
SUL1ROUTINE PPLOT(KOV,XpYpM*,N2,TITL) 0 14510

DIMENSION TITLE(70)pX(1),Y(I) 014320

DATA ICTR/4860./.HGRD/12./PVCTR/4./,VGRII/1.7143/,FST/0./ 014530
DATA TIILE/6I4WAVELN.6H (ANO),6HAMPLIT.3HUOE,-*.,0..8H FILE, 014540

+8H4 SCAM.SI4 SUMMED,0..0.,0.,SNTEMF1FRAT,3HURE.0.,0.. 014550

*BH(K) +OR-,0.,0.,0.,INE,0..0.,IH'..,t11C,0.,O.,1NP. 0J4560

40., ..* NA/ 014570
1F(FST.ME.0.)OO TO 11 01 43$10

DO 10 J-35,70 014 90

10 TITLE(J)-0. 014600
1D0 101 J-50P62p 014610

101 TITt.E(J)v-1. 0*46:.&

00 f02 J-40P42 014630

102 TITLE(J).--. 014640

TITI F(40)-TITLE(46)-1. 01 4650

11 rr 1(34) r311XXX 01 4A7(

11 FSr=1. 0I*160kn
KOM=3 01 4690
*F(EtlD.FO. I )OM-0 014 700

IF(K0D.EQ.)KOM-4 01471(

rZTLE(65)-KO12-1 014720
IF(KOD.EG. 7)T.'LE(63)-29. 014 7.1

IF*KOD.NE.*)flO TO 12 014740
TITLE(10)-MI * TITLE(11)-N2 6 TITIE(12)-T11L 04.

12 CONTINUE 014760
IF (KOD.EQ.7)TITLE( 16)-TITL 014770
IF(KOZ.E.8)TITLE(IG)-TITL 0114 7t*0
IF(ftflD.GE.2.ANO.KGD.LE.6)TITLE(-36K00,39).TITL 01 4790

CALI MAII1.YN1N2,N0N,NCIR,flRI.VCTR.URPt,TITLE) 0141101)
RETURN 0* 40 *1

F Nil 0 14 4:'o)



c 01 4980
SUBROUTINE SUPAPL(1V,TYPEIAXIS,NWIBA1DIII) 0 14990

C 014900
C MAKES VARIOUS FORMS OF PLOTS FOR ALO TEMPERATURE PROBLEMS 014910

C IV-0.1 FOR DELTA V - 0 OR DELTA V - 1 014920
C TYPF-0.2,S.FOR A IXNEAR,2 CYCLE LOO.OR SQUARE ROOT PLOTS,RESrECTIVrLY 014930
C IAXIS-O.1 FOR NO NEW AXIS OR NEWd AXIS 014940
C NUENEA-NO. OF PLOTS TO BE MADE(NOT NO OF AXIS) 014150
C NUMPmA 5 OR LESS IS PEN AND INK PLOT# 6 OR GREATER IS CRY PL 01 406n
C IDIM-'LIMENSION OF INPUT ARRAYvYARRAY. FROM LEFT TO RIGHT 014970
C IF 11)1110 NO CURVE IS PLOTTED 01 49r.,
C YARRAY-ARRAY TO BE PILOTED 01 495'0
C 10 IDENTIFICATION NUMBER TO BE PRINTED WdITH AXIS(41 DIGITS) o1.j000
C IC- ID-0 NO NUMBER IS PRINTED AT ALL 0 1! o0
C 01 5020

INTEGER TYPE 017,0310
DIMENSION YARRAYL 1) 011404)
DIMENSION PRID(3) 0 1 1050
r'RID(l)--OHIIROSSER 01 50"'
E'RID(22-'ArE(DUMl) 02 .].'0

FRI[L(A) ,IIMEE TDUM) 0 L'0fI.
IF(MS1ARi.NF.3624321061.ANDNUMBA.LE.5)CAL[- FLTID3(PRID.340.,11.,

11.)
IFLMS*IART.NE.362432106I .ANL.NUMBA.LE.5)CALL NEIJPEN(3) -11W
IF(MSTART.NE.3624321061.AND.NUMBA.GE.6>CALL CRIPLT(PRID.I.,17.) 12

IF(MSTART.NE.3624321061 )MEMD-O
IF(MSTART.NE.3624321041)CALL PLOT(1..i.,-3) (1,S
MSTART-3624321061 01514v
MEND-MENTfl. 015Lr0
IF(IAXIS.E0.ObOO TO 400 o1lM)A

C AXIS 015170
IF(MEND.NE.1.AND.NUMSA.GE.6)CALL FRAME(1.5.1 .5) 011011
JF(NEND.NE.1.AND.NUPIDA.LE.5)CALL PLOT(17.,.. -3) 1t'

C THE FOUR BORDER AXIS 01 ;.1)
CALL PIOT(O..0) 02 :1110
CALL PLOT(12.,0.,2) 0 21
CALL PILOT(l2.,B.v2) 0!
CALL 'L.OT(0-.,.2) 01'740
CALL PI.OT(0.,O.,2)025S

L X AXIS FEDUCIARIES 013:!60
DO 120 K-1,2 0152 '0
DO 120 1-1.149 0152PO

A.05 0152"
IF(I .EO.54(I/5))A. 015400
IF(I.EO.l0*(I/I0))A=.lS 0215310

C-0.*
IF(h.1-0.2)A-9.-A0
!F(K.EO.2)C-8. 110] ,-
CALL FLOT(PA.3) 0 15
rAkL f't.OT(P.C,2) i

120 CONTINUE
C LADLE x AXIS

IA- 4000-200*IV 1P
IFAIS L10 1.
D0 303 M-IA.,lO I'
K rM- LA /

IF(N.LI).50*(M/50))OO TO 301 ''
VPN~m 100*(M/Ioo) -I
X-.09*X-. 11 0 1,I.
CALL NUMER(X.-.35..15,FPN,0.,-1) 01'.11
Go i0 302 0 1

101 FrN M1
K- * 0*X- *015.

CALL NUhE.2RX.-.4,.2,FPN,...1) *E~
302 COiNTINIL"w*
303 CONTINUE OV.

CALL CYMPO&t(3.S.-.Rl,.2,22NWAELENCLL4 (ANLiSIROMS1,0.221 j.'.
CAILYMO .2. v2I.0,)0.
CALLYPL...,2I/.220>
C:AI 1 20 122/ 1 .75012
CAIL 12 1214.0). l-'5,2) o 1-;1
CALL I U I (./;-1 .07.2)
CALL PLO (3. 1,-1. 25,2) 1>&
CALL SYM9OL.(4.12.-1.215..25.I4HV. SEOUENCE A.O.-14)
CALL SYMPOL(7.62. .5 1,ILO 1
CALI. SYMPOL(7.?77-1.25. 25.1H0.G..1) 0156.10
FPN.'IV 0ZS..2
CALI NMIIER(4.A2.,-1.25..25,FPNP..-1) clS! '

C LAPI.L Y AXIS'
TF(IE')2004. 2(04,1005 (2'

1004 2:LNT INUF 02 5,'
rALL SYML42L 1.1-2.3-,'.;'RELATIVE INTENSITY ,90-,26)
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10 0 TO 1006 052
00CONTINUE 0 .
FIDNO-ID I
CALL SYNSOLI.11p..I.2.26HRELATIVE INTENSITY NUMIIER.90..2, 01i
CALL W17R411..,.,1DO,1,,

1006 CONTINUE 
,ll,

C LINEAR Y AXIS rEDUCIARIES oil:
IF( TYPE-2)1020,200.1021

1020 Do 180 lk1,2 1
Do 180 ItI.S9

TF(I.En.51*( 1/51))A-.I

10=F 8*..0I/0)o5

C-0.
rF(K~.EO.2)A=12'. A

CALL FLO1'(AP.S1)
CALL PLOT(C,1.,2) 01

160 CONTINUE '
C LADLE Y AXIS LINEARLY

CALL NUMP1ER-25-.I-,2O.O.-I,
DO 340 M-110,90,10 Vi; 1 10

CALL NUNDE- R(-,45.YY..2,Yo.,-1)
340 CONTINUE

CALL NUMBER-.-.65.7.9,.2.I0O..P-I)
GO TO 270 0

C LOGARITHMIIC Y AXIS FEDUCIARIES 01 0!,
?00 DO 260 .1=1.2 0""

DOA 60k--2v4 -

DO 210 A-1 06'4
i'0 210O M1,48. nI' c
AIIA=MA-1e.

A=4.*ALOGIO( .I*ANA)*AA

A=A14.*K-4.I
FJevJI

CALL PLOTCB#A,3)
CALL PLoT(CA,2)

220 CONTINUE

10 2730 M-2,8,21

A=4,*AALOOI0l.A+AMA)

A A14.*rK--4.
FJ=J
P'11 .90*FJ-11 .80

CALL PLOT(B,A,3)
CALL PLOT(CvA,2) '.

230 CONTINUE .
[to 240 M-1,11n

A-4. *Ai.OOIA+ * ) 01hi~
FK*=K j,
A-A#4.*rK-4. (1'

b-11 .00*FJ-11I.P3 ,.

MCAL PLOT(PA,3)
CAL.L I'LOT(C,A,2) n 1

D4 OIU 240 M-1

A-4. *ALOIIIO(A)6.S~) (
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Fk -k0167,50
A-A44.*F%-4. 0165,60
FJ-.! 016570
FI-I I ass*rj-l I t115 0165R9
1:94 * I 016!590
CAIL PL0T14,A,3) 060
CAIlI 0(CA2 016610

:*;0 CON!II NIJF i
A 4. 016e3

F1-.1 0e~4
14'i.S4)-I.75

C 94P4 .25 ~
CALI. P'!OUII,A,.5) 0A
CAL.L FAMW).A.2) 1 :.

:'60 CON I I NLIE *
c I LAi ( I AIIIV; LOGARYTHIICA1.I Y 0

rDO Ito 1.,9 ~j7
ffNm 0 0677,
Y-4.*ALOGI0(FPN)-.O8 01077,
CALL N1lNDVR(-.2,Y,.I5,FI-N.0,.-I) 01,7"

.110 CON I I NE 01K.0
DO 320 M-10,90,10 1 , .
FF8-fl hi, '>)
Y'4.4ALOGIO(FPN,-00 "16 [7

.!:' t ON r I mUE 0 61
CAll. NIJIPR-..7.93,.1'i-l00.,0.,-1) 150
(;0 TO 270 )6..

1021 IIINLINUE 01613.1
f' IAIF Y AXIS FOR SGUARE ROOT 01AS410

:AJl 1~1IE(-2-.A,90,.l 016'-.'
POl 102? W1l0,90,10 0 1 & -:;
1 rN-, 01 60)0
Y. s8*snRT(FPN)-.08 06
CALL NUHIE-.35Y.15,F1N,0.,-1) 016S.?

10:'2 CONTINUE M~ 690-

C SOIJARI ROOT FED'JCIARIES 01 692c
D'o 1028 K-1,2 01691)
DOf 1026 1-1,99 016940

Ai-.0' R*S(1RT(E
IFMVC n.Q0A. 0.90

1 f (N. ( 0.2) A- I-A 017010

CAL1 I'LOT(A.B.3) 017.3~
CALl PI.OT(C.14,2) 01 70-.'

1028 C ON i (NUE 01 70,
270 CONTINUE01.e)
400 CONJ INJE '

IIf 110)GO1 TO 407 V' I 9

17 -3 '
VSIAX -* 01
r1o 401 1-1, IIIl
TF(YAFROAVI 1).1 * YIAXIYMAX YAkRAYI!) (l*

401 CONTIE ')1 714

X-1 I0 llIT

X:1 1 ' 1. /1419, 'H
If ,1 HF :) 40.1 403,40A (

617 f1 404 1
40.3 JF(IANiRAY~l).I I.YNAX/100.IIAkRRi.Y()-9lIAX/t00.

V 4.*ALOIIIO0(100.*LYARRfAY(l 1/YMi.X))
s0 f! 404 .-

406 IF(YARV.AY(t).l I.O.)YARrAY(Ih'O.A
V '6 **SI1R I YAWIAYM()/YMiAX) Ii

404 IF(Y.l1f.0. )Y"-O. II
C41ll. 11 (M X, YIT) QI

I tz :1 0!
W,~ CON! I tNot

407 F.F 1111,N 1 -1
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C 21 APLOF 017360
C 017370
C 03 113f0

SUBROUTINE APLOT(NENDI) 0,7390
UIMENSION IFO(3).S(121) 01 74003
COMMON Y'.00),X(300).YU(300),Z4BOI).ZW(901),T(19),DUM(60t) 01)410
DIAA 1r0/10NtIX.13plX,o1ONF.21X.1.I-fl1ttA1 0114:'0

C NE NUM1.ER (10 ELEMENTS IN ARRAY TO FIE PLOTHE(. 02 '41.
C YARRAY To iir F(.OrTEll. 0 1 /4-10
C WlNJNIIMFRl OF DECADES FOR LOG P1 or. (I/~
C MVI.O MAKIS I INFAR PLOT. 01 /4?.('
t: HV NUGAIIVE GlIVES THAT FRACTION OF A 1.Irmii.. 01/470'
C CALL AflOIC -t ,E.IMIYHIZF) TO SET UIDT14 Of PLOT. 0' 14 V0
C DEFAUI I VALUE IS 120 SPArFS. 01.149,-
C MAV1HIM hWrDtil 15 00 SPACES. 0 1 750n

PATA A0/IlH /.AI.'IN./ 01/1'.1101
Nst7fli?o 01 7520
S1ZE=N517F 017530
YN-0. 01 7540
00 10 N=t.NE 01 7"50

10 YM'AMAXI(YM.Y(N)) 01 7560
IF(Nf..E.0w=-NSIZE/NV 01 7570
I1(Nr,.kT.0)F--NSIZE*ND 01,1580

DO0 40 N-1.NE 01 7590
YN=Y(N)/YM 01 7A00
IF(NZI.EO.O)GO TO21 071
YN=AMAXI(YN,.0O00001) 01 7620~
NYzALOGl0(YN)*F+SIZE#I .00001 017630
GO TO 22 0174.40

21 NY- SI2E*YN+1 .0000010370
"1 0YN~(.~ 017650

NY=HINO(NSIZE( I NY) 0176701
NSIZEIMNSIZE+1 01 7690
DO 30 .frI.NSIZEI 017690

30 &(.J)-AO 017700
B(NY)=AI 017710
YM=ABS(Y(N) 2 017720
YNW'AMAXI IYN- 0000000000011 017730
XAL-ALOG10(YN)4I .0000000001 017740

IAL.31-IAL 017750
IAL.-IINO(31.IAL) 017760
IF(IAL.LE.26)00 TO 37 017770
CALL MXPUTX(IAL.IFO(2).4) 01,7790
IRITE(6.IFO)N.Y(N),(B(J),J-tNY) 017790
co *0 40 017800

37 NYN-Y(N) 017010

29:1 FORMAT(1X. 13.IX.I5,IN,121Al) 0118930
40 CONTINUE 01 7040

CONTINUE 03 7ps0
CONT INUDE 0178160
CONTINUE 01IR'70
CONT (NUl 01700
CONTINUE A Il 7090
RETWkN 017900
END~ 017910

C 017930
C 01 7940
C 22 AL2 017950
C 0 179A0
C 017970

SUBAROUTINE AL2(NI.N2pNSTR) 01799(0
DIMENSION msrR(G) 01 7-90
COMMON Y':00),X(300),ru1300).Z(901),7M(B01),T(191,DUM(eOl) 000
WRITE(6.201)10(.2

203 rORMAT(l1~3IIEMTER PROGRAM) 102
NUMnI W13(
DO0 110 NNINN2 01n040
CALL tgMN(NN,#I.IDUIMY)
0O 100 N'1. 249 O03(430
(1.j0*NfNSTR(NNI-301 03 9.1/

JSNMAX-O 0 1 (0(14
DO 20 K-1,300 0111090
II=T+K 01 nloo
CALL ISMN(II.-i tSN) 016110
tF(J13NfAX.Lr.ISl.)ISNMAX-ISN 010120

20 Y(ft)-ISN 0181.30
IF(ISNMAX.I.F.O)OO to 105 018(40
CALL SMOOTH( 300.11) 0113 ) )
NIDbt1000*NN+N 018160
CAIL f)WPL( NUM)MID.JO0I 0191 10

too comtINUE 0311W)
30; ONTIMNIII 01101 "
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20.l FOwMAtIlx.316) 01911210
110 COMrINUr* 0162:!0

CAkL ENDPLY 016230
RETURN 018240
I.NI 016250

C 016270
C 018200
c 2 SN0(THd 016290
C: 018300
C: 018310

SUPROMDINE SnOtH( N[IMflNSPI) 0183M0
COMMO(N Y(A00),X(300).YW(300),Z(901 1.lt(ttOt),T(19).S(801) 015330

IFNN1.)00 TO 100 019340
N'NSPI/2 018350
FNSM'N*2+1 018360
DO 10 K1I.N 0183/'0

Ks2"vIm'K1 018390

s(ltKtl).Y(IK3) 015400
t0 S(K)=Y(K) 015410

DO A0 11l,NI 018420
O 20 K-1.N 018430

20 S(K)=S4Kl1) 018440
S(N+1 1Y( 1) 015450
Y( I )=O 018460
00 30 tN=1.N 010470
Ir'(1I.(ENDrNt) 00 TO 40 018490

30 Y(!)=YI I)+Y( 14K) 015490
40 N1=Nft-NPIM+l 0 1U00r

Nt-tIAXO(t41 ) 0 1 -1 1
NI -NfNI 010',20

[D) O 50 K-1,N 019n,.4

EN(I 018570
C 018590

r 01 U60")
C 74 OWF*L 01Alo

0186"')
I, 016630

stIppnui[NE OUPL( #40.10, ZE1 01964n1
C Y ARRAY IN4 01 8610
c; No) OF vLors OUTPUTTED EXCEPT MWt4 NO-I AT FIRST ENTRY M1860
V ID (IF rPLor IN 0J117ii
Ui7E OF Y ARRAY 08.'

('IMINSION P80010(3) I60
COMMOIIN Y(300),X(300).YU(300),Z(801),Zt(901),T(19.OtlN(801) 01870('
PROGI II I )"10HIITROSSER 01810)
PROG3T~f(2)-DArECDDUM) V187:0
PROtlrr(3)-TIIIE(TDUN, 019730
IF1,1070I.1ALL CRIPL7(PROO0111..7.) 018740
IF(NO.Fl.1ICAIL PLOT(3.5,0.-3) 01137!,0
IF(NO.FO.11fl0 TO 61 0167.Q
1r(04r (NO/4)*4.E0.1)CALL rFkANE(4.l

5
,5) 018770

IF(NO-NO/4)*4.EO.1u00 TO161 016790

CALL rt.OT(4.25.0.,-3) 018790
61 FMD:1V 01890":

CALL PLOI ( -4.,.4,3) O10810
CAll Ptl-7(0,,.4,2) 01P9021
CALI. Pt OT(O.,10.4.2) 018810
YNAX-0 * 018R40
DO I =I,Izr 0185
IFIY tl).OTYAX)YNAX-y (Il 019860
CON I INI IF 0111670
Ti1(YMfX.ti.0. 113 To 3 018880

CAL.L SYM1l10(-3..0...2,5#IVMAX.,0.,5) 0189m1'
CAll . NU"!4E1(-2.,.,.2,YIAX,0., 1) 0 1 5'l0
I I .. 019'0
90 2 1-1,17C 018930
YY= 4.*Y M!/YMAX 010940
11(YY.GOT. )yy . '111050
F1 14-1 '1960J
FIZ IZF- 0199:"0).
'(X-.4+10.*rI/rrz 0 189100
tALL PI0I(YT.1T.IT) 019790
IT 1019000

2 VEN7 [#4111 619010
IM Nil I I 019021
(.1,41 INt'l 01 t v

RitN 1)IM 190-10
1 NO' 01901
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c :16 St IT PlU11.AA Y .

P((RMSo. I r ( INPU rOUI PIT , (Ail 2 1e (AK 6-OttI1P~lIt T AF'F 7101 (4

PR'Ikl1 909 0~194 ''
t II;M II , *** RICM 'I h In COC)' IA)).? AFTER EXEC1111, 011 I I(

+ *S)N.$8#I */) 11" '-1
RIIJINI 2 f ll'
RFAI( ',i02 )AAN O-A

N-AAN*14.000)(oI f'IY4-'

90'1 FORMPAT(F9.3) 0 1 411

i-, I Y4';0

FJ At 2.902' Z .1 ( N II t~ I

l I I ( A, 00 4)
I41.llkHAl) .IX.VX*5)X*Z*/ 0 10

I.,I I . 019-

I11(/(4.1 r/I) , .0 1X ! 5. 0) '.1)(

I1?. (I.I V (:) C (.) (4N- 1.0

V(41' . 0 ) 11

1I(Z/W.Gr.(4I)JXn n('9)'

I! Ol () 196:
I) V(4'X.IX)-V(.I) 019740

W)11(.95 I N7'

lID (/.G ( )) TO 111 01 9'0
17 ArO I IN] If x7S,~'1)G0 0 09 7.6

It (3) V (A.3 ) I'I NfI'''II),4I I$ ( )=P"() 4)I 1(9.

140111(6.907)

310 CnN I Ioor 0 19'.')

StOP' . 0191,

Wk I ( V N, I 'I4(flK) 0,z 4) 0.(2 0 ; "1

903 FnkMlO..05K0.)11 rn 00'

(10 FRITNX,.',V(N (("'0'".G

£rtMF~Ol () -(It) ((.0'

.1-1 ((. ) M 10 .1-401

Wf (III)7(N,X,/.V)

10 cnmNIij) 1*

Vol )*IIA~B 6 1S

F NI'0



FuNCrION F1:N(NX-Z,V) 0200

T=ll)) 11 C-VU21 If ldV(11) 0 A-l'4l If RN.N ZA-0. 020220
ISO t 10 .N' 0:10210

It) ZAmZAf1Z()-C 020240tl
ZAIA/kN020=;O

YA'O 020.1
00 1- 1-I.N 020:!,0

YAX A#NX1AW U20.190

I:, OW I4110?0301

YA-'XY11)- 020310
YN-YN. ()CZl*Y(FAU A 0203.-0

ZS'54((-I 7I1 (20340

14 CONTINUIE 020.440
YNN=YN/RN 020390/I'

CNM=, YNN S rO. 02'03,0
PO 2 RTIN N 0:1040)1

1NI' 0204J0
;1 CNVION ff NX~~ 02.04

Y'NFNM10N X( I 1 -(1S.Ik I 0:10

I-CN10 YN/SR(V1 )0107

40 F TIIRN0240
END 0.10,190

DlIMN ION YM1,Z )VI 0,0,)
TII) S. CW(. $ IJI1 AV() ) TIt 10S0 O0 102

too 10 20t- 070660
X" YT)-. 020f.'

2" ((IIIN 0.010.

ENV 02M072

I .'. I ION 5P.IIF,tW 0106,10

AX-X 020A.40

(if)I():In020761.0
1 iI'IA 5(.1U'IPI.01'T.T 2 TP6 TP =111Pl 0207610

~EUIN1' 6020710
HLUII' 20207:n

XIIA 0.0.1070'

ZNAX 0. 020(11''

DO NI .14.10 0o''

R4A11('.901 )AAN.T~r,,uA (2084A
IF Irrif, (:, I 'o, to 01,5

to N AANt.000l0l
('AlA L10.I),

2 I I IN 1 I100
1,3--L2 0)2091"
RF6I(, 901 ) XII , 7 ( I I. I12) 020Y.,
110i 12 1=LI.L2 0:10V70
XMI)A99(X(I)-D) 0:(0940)

711) MI() C)/(A*SU 02109"'-
tr(Xt).GT.XIAX)XMA)I X(T) 020I96(
IF (t).Gfl.1NAWIZfiAX 1M 701
IF 17(11.2 T.7IN)1MIN iIM 0(10900,

MIIIT (/.92)K( i'YIl
* IONIINIII 0 210 0

0! I (IRAAI I to1(.*, 021010'
IAI(tNVIINIII 01.11: 0
CO((N I N110.11 '':'III I

AMI AtIIGIOl.'*XtIMAX) 0'.1l(040
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LI AIILT..M-N(-AI 0-1. i'M
IN.2 xmEA)Ut.**l4-0 00000l01 W.,10 11

IF( .20.2 0l:c.1I ORO

AM AiL30I0i:24/MAX/V.) 0).'t
li-AN 'I
II (AI.L 1.0 )Ml- -INT(1.-AN) 01

1Il(2./*l1)"i.)/I0).*#Pf -.00000'Jv.'i

VClI&YtiI~q2.

.31) IIUtF(J) 0.. 01 :.3

FIT~ II 3 6UAP.1N $ TII-(4)-61.l1 .0:
YITI f ~)- 0.1 :,lA,
FT r ()6SIF.I I l'4~HI'

rflIC(641m-99 1i ITf(651 - 9.

1-[) 40 J'1,30. :...

C:AI I NAPA I X. . t 1. 3. 0111lC1I FHGRPI.VC IR,Vrf-1?, Fi I I~2 I F
40 CON11 I INUF . '

VIINI Ttfllr '
lAIN It 11,1011

Stll 1111
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104 S1WHAI(S .45 [if5 Nil. 111,
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SI fit
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J1I,15I No I '1(11 N.S.. ISN) (11

11 lI) N1 ' IN II ' ,40 I
II 5'((.20 tOSO) .+'

fi IN4.NS d ie) N 11/, N.',I
NI N'I

No5 N

II I I 0. ~'ll l 50l)l .

IS (NI N. '' . A ,:,:,
I d ktlI' WI0 I :1'
I i (Nf i) it. 1 4 1 1 .

N.' I

N:. :1 0;0?9

I,11 .40 NI :1 N.INI 0 ).'
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